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IMPROVED PROCESS FOR UV STABILIZER IMPREGNATION Of PLASTIC SURFACES 

Background o* the Invention 

"^£S22EZ S^SrS:^ resins, such as polycarbonates, scry.ics. 
„ po.yeS P .yoS" i.ysty-e » P*** protection against atta* : by 

The ul Lolet radiation absorber generally has a very high UV sbsorptivrty relative to that of the polymer 
Id ^l^n^ out trying ultraviolet portion ^ To qu*% * , . ^-^'^ 
Hon absorber tor the polymer, particular!/ tor polycarbonate, the absorber should fulfill several r«*w« 
^ ^LZrber^n^gso^ has a high specific absorptivity in the range of wavelengths that an 

onto ie SrSce of me heated article an uftraviolet radiation absorbing compound d.«o.ved ,n a nonaggres- 

15 ^TrfaS impregnation of po.ymers has several advantages over incorporation of the UV absorber 
toroMZwiwTmMx. Generally, less UV absorber is required to achieve the same or great* 
T^SLS^ZiL^. Since the UV absorber resides only at tm surface of me polymer the 
of the UV absorber on the physical properties of the polymer are minimized. Moreover, surface 

or lUZ ti» Therefor;, therms, degradation of the UV absorber Is less o. a concern *h 

imP^nation procedures have been anen** by ? r*in disadvantages. 
BecauTeTe UV absorber is applied in solution to the polymer surface, relatively tow molecular weigh 
. « «**•• "fre solvent employed, have typically ™^^2£££E5 
often are subjected to elevated temperatures subsequent to surface ■mpngnalnn. These temperatures may 
S enccUteS for example, in thermoformlng operations or in high «""t^_*^^* ^ 
polymer product. Conventional 

■WW. «»* car, « imp,w»a Wo ft. turUc »l » pArMr ».. M utaMMy «« ft. !*»--■ 



30 I 



35 



^0 



45 



be encountered, for example, in thermoformlng operations or in mgn wnpw»un. w"-"- -~ 
^Ti^cL Conventual UV M that have aeen applied by surface -P^^ 1 ^^ 
somewhaf volatile at such temperatures. SuDstantia. amounts of the UV absorber can be tost 
volatilization at elevated t> 
absorber which can be ii 
propeaies of the polymer 

Summary o( the Invention 



in accordance with the present invention there is provided a process of produemg a ™^o£»bc 
article hSng resis.ance to degrading by ultraviolet radialion. which comprises impregnating m surface of 
fhTlhermrZsUc article with a UV-abscrbing effect*, amount of a solution of a mu.t.menc benzotnazole 
compound et a surface impregnation effective elevated temperature. 



Detailed Description of the Invention 
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The benxotriazote compound amployed in the process 
formula: 



N 



o( this invention is represented by the general 
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(CH 2 ) n - c -°— T~ R 



m 



2 lo about 22 carbon atoms. In preferred compounds ris is nyurgy* 

The aromatic polycarbonates which can oe usea »n me pratm-w w 
structural unite of the formula 



O 
I 

)-A-0-C- 



45 



3 66B.B14: and 3,989.672. all of which are incorporated herein by reference. 9ramatic con100U rid is 
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chionde. These preferred polycarbonates have 
formula 



ircm aboul iO to about 400 recurring structural units of the 
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The po.ycarbcr.ate should preferably have an win* viscoa.y between 0.3 end vo. more preferabiy 

from 0.4 to 0-65 « "leased at 253' C in in accordance with «. invent. Such 

Copolyestercarbonate resins may mo I be surface , wgnM * " « w04b which „ 

eopolyestercartxxiates are described, lor example, by Robert A. ryiss 

incorporated herein by reference. raH , a ,i nn com nnund is applied to the thermoplastic article in 

m the preferred embodiment, the ultraviolet radiation V**^^ l0 effect impregnation of 
, he form of a so.utlon „hich contains a Zt^^l^^J. M solvent 

systems .ncfude the Cass j- ^«Si3SE5 
Moated hydrocarbons, esters or Ketone, « glyco -h«« ^^p^^ ^ seUem 

l ° — a surface p=SE 

532 ri«»S^ =e Mor . to the 

-Kcf^ «, and dearly .l^ate ^J^^TaM^ 

otherwise specified. 



Example 1 
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Using a Sharpe Mode, 450 pressured Qu.. . «J jj« ^.S^SSS^^' 
the Methylene glycol benzotriawle dimer delved m a b ' e ^ 01 ^SW^T^Um sheet. The 
2-propano. <-PMTt was la* ^™*°*ZSX^t Ki JLZTTIL the UV 
sneet was then placed or. a conveyor and ^ *™ th irnpreBna ted sheet was washed with 
scrcener into the surface and evaporate off the solvent The cooieo. .mpreg ^ 
sotvent to remove any unincorporated screen^ BJ»riW ^ » u ££ ^ XL . 

u .t,avio.et radiation rented in a 0.2 yel.cw.ng ,ndex («YI H^^with a 6^ ^ y ^ 

835 Colorimeter) increase in thB impregnated sheet and 8-6 Yl increase in me to 
were exposed tor 300 hours in a UVCON® accelerated weathering tester. 



ExamplB 2 
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A sollJtl on c 6 wt % o, a substantially ^^TH^ ^S^a* 

suspended from a clamp. The we films ™*T " _° w8re CJt trom me mp anfl bottom oi 

(R) forced ho. air oven a i t29 F for ^34^ pi on each before and after solven, 

The ModeTsi P W kin-£lmer Spec.rcphotometer. The resuits are shown ,n Table 1 below. 

Table 1 



25 



70 




UV Absorbance 






1 Win Dry 


2 Min Dry 


4 Min Dry 




UNWASHED; 








15 


Top 
Bottom 


2.15 

>3 at 357~437nm 


2.24 

>3 at 353-330nm 


2.18 
>3 al 355-32flnm 




WASHED: 










Top 

BOTTOM 


>3 al 354-330nm 


2,10 

>3 at 353-330nm 


2.18 
>3 at 356-327nm 



This experiment demonstrates the rapl 
film thickness. 



idity *ith which impregnation takes place and the effect of initial wei 



Example 3 
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Solution, containing 5.6 « % of Tinuvin* , 130 (a mixture sold by Ci b *^ n ^^ 

,o remove ^impregnated UV screener. The results are shown in Table 2. 

Table 2 



Solvent System 


PM/EP 


PM/NBA 


EP/N8A 


343 nm Absorbance 


1.7$ 


1*87 


1.46 



These results demonstrate the order PM > EP > NBA for MMnjioi impregnation by these three 
solvents. Alcohols such as NBA are weakly aggressive toward polycarbonate. 

Example 4 



50 



"was substituted for Tinuvin 1130 The results are shown in Table 3. 
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Table 3 



Solvent System 


345 nm 
Absorbance 


60/40 PM/MEK 
5Q/50 IPA/MEK 


i.aa 

1.21 



Example 5 
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* a « in P*amo!e 2 but with a solution ol 4% of Tmuvin«>328 (a 

unimpregnated UV screener from the surface. The results are shown 

Table A 



2S 



Oven Temp: 


102*C 


121'C 


110"C 


Absorbance unwashed: 
Absorbance washed: 


2.16 
£-15 


2.13 
1.92 


2-54 
0-32 



30 



Example 6 



The HO" F inw*. - 5 — * ** ™ *™' ^ ' 

minutes with the following results; 



35 



Absorbance unwashed: 
Absorbance washed: 



2.06 
1.91 



40 



AMM . « w* % in a 90/10 PM/EB solvent Wend to 

The dimeric UV-rtwber. TMuvin 1130. was used i * 6 wt A ^bance ot a top-cut 
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Table 5 



Dry 
Time 


Absorbance 
Unwashed 


Absorbance 
Washed 


1 min. 

2 min. 
4 min. 
8 min. 


2.03 
208 
2.16 
2.04 


1.40 
1.60 

i.9d 

1.98 



10 



^ ^ mf . .u.Haea UV absorber. thB soIvboI wash.ng aither did not 
Although solvent washing removed some suriaca U v , , nl0 polycarbonate 

k> cons*.** MM tes *r «» ' "**" »"" : 



20 hour bake/ 



1 minute processed film 
8 minute 



-1.17 
- 1.94 



20 



00 



Example fl 

Shown in Table 6. 

Table 6 



55 



40 



Concentration 


Absorbance 




0-9B 


3% 


1.53 




2.oe 




2.66 


6*. 


>3at 350-334nm 




>3at 36S-32$nrn 







Eiismpla 9 



. ^ ,ko ^.k ai m,s aoolication show excellent permanence compared 
The UV absorber employed * ^ ,Te ^r3impre 9 nated as in Example 2. and the 

50 with screens of lower motecutar al iVt The results are shown in Table 

absorbance loss was measured as a un«,o« oi *™ ^ Mter ^ iVBtive 0 , ^ formula 

7. The UV absorbers identified In Table 7 were as Mows, 1. A Denzoaw 

O CH 2 H 5 

55 | 

CHjCH 2 -0-C- -N-CH-N 
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. ^- k „w5.5 o.^'-hvdroxvl-s'-isoociylpnenyObenzotriazole: sold as Cyasorb 

5411 by Amencan Cyanam.c I Corp.. a fW™» _ ' Tj jn 1130 (idenU f»d in example 

American Cyan** Corp, * Wj»* « ^ n ? ot £ 2 oi e Ler identic*, to that id.nti.ied in 

3); 6. The benzotrizole dimer identified in Example i, f> * wiuuu 
Example 2, except that Ra is -C^CHj^OCHzCHjfc. 

Table 7 





Absorbance After Heating 










Absorber 


M.W. 


0 Hrs 


wHr 


xHr 


1 Hr 


2 Hr 


4 Hr 


SHr 


16 Hr 


.5 


1. 
2. 
3. 
4, 
5. 
6. 
7. 


296 
323 
302 
447 
606 
760 
642 


2.45 
2.40 
2.68 
2.32 
2.73 
2.73 
2.60 


2.41 
2.01 
2.63 
2.26 
2.73 
2,70 
2.60 


2.38 
1.87 
2,60 
2.23 
2.71 
2.69 
2.58 


2.27 
1.73 
2.47 
2.20 
2.70 
2.68 
2.57 


2.17 
1.65 
2-25 
2.16 
2.73 
264 
2.57 


a.02 

1.5t 
2.11 
2.07 
2.73 
2.63 
2.61 


t.87 
1.40 
1.94 
2.00 
2.74 
2,61 
2.62 


1.78 
1.33 
1.B6 
1.94 
2.75 
2.60 
2.56 
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Example 1 0 
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* - ^^^^a sunn q wt % of solution of the benzotriazole dinner 

Potycar^nate sheets, *» .WcK ?m£b wording to the method of 

uv-absorber MM - c = d 7» • £ J and then used to 

Example 1 . A piece of polycarbonate film v»W '° ™ S snovyed a n absorbance of 2.70 at Ihe 342 

absorbance measurement against an untreated reference film. R ^"V*T d ^ 

nm peak. Portions of the impregnated sheet ^T^^ ofTe^pTes were 

control. The results are shown in Table fi. 



Table 8 



40 







Sample 


Initial 


900 Hrs 


1800 Hrs 


2700 Hrs 


As Mad© 
Heated 20 hra 
Therm of ormed 
Control 


0.5/0,8 
0.7A).8 
0.5/2.0 
0.1/0.3 


1.1/2.5 
1.4/2.0 
4.1/4.6 
12.2/3.1 


2.672.3 
2.8^2.3 
5.3/3.1 


10*1/3-6 
5-6/2.2 
11.7/7.8 



Example 11 
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.^nation of the surface of a poiycarbonate « 
softening and lowerino of the Tg of the J«£ ^J^Z^TL ^^o to 
cevetepment by jcuffl^ the surfae J*\l^^£ t ^™^ m 2u* <* » surface detects 

oa. This softens or tne surface * reduced 

*^?S^TfSk 4' spuares .are cut from a P«*<*rt>cn*e ,heet impregnated wHh the 
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banzotriazo* aimer identified as compound no. 7 in Example 9. Using a Teledyne Tabsr Model 503 
standard abrasion tester with CS-iOf wheels under 250g load. 25 cycle abrasion resis were run on front 
(impregnated) and back sides of two squares and on front side ol squares which had bean heated m a 
127* C oven tor various lengths as indicated in Table 9 below. 



Table a 



ro 



Sample 


% Haze 




Developed 


Back side Control 


22.2 


Front side Control 


31 5 


Front side heated 5 min. 


30.7 


* " " 10 min, 


30.2 


" " " 20 min. 


27.8 


" " " 40 min. 


27.6 


" " M BO min. 


26.S 


" " ■ 160 min. 


25,9 


" " ' 320 min. 


25.4 



25 



35 



40 



Example 12 



The samples or example n were reheated at 2G03F lor 16 hour* and haw In the Taber track was 
remeasured. The backside control was reduced to 16.3% haze, and the others were all 1.0 * 0-4% haze. 
The original 0,40 and 320 min. samples were given another 2S cycles of 250g load Taber abrasion and they 
then read 25-4. 26.5 and 25.2% haze respectively. After another period of 1-5 hours In the oven at 260 F 
30 tnefr haze was reduced to 2.4. 2.7 and 2.1%. respectively. Thus, the removal of surface defects by heating 
is a relatively permanent feature of surface impregnation. 



Example 13 



Similarly to Example 12, a square of the Impregnated sheet was lightly rubbed with fine steel wool over 
1/2 ihe impregnated side. Haze on each half read 0.7% and 28.3%. After 30 minutes in a 260 F oven, a 
few of the deeper scratches on the steel wool-rubbed side remained visible, but the haze meter oave a 
reading of 0.7% m both areas. 



Claims 

45 



T A process for producing a thermoplastic article having resistance to degradation by ultraviolet 
radiation, comprising impregnating Ihe surface of the thermoplastic arte* with a UV-absorbing effective 
amount of a solution of a UV absorbing compound of the formula 
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'XX> 




0 
I 



(CH 2 ) n -C-0- 



— ' n 



*5 



*3 



3G 



40 



*5 



50 



wherein R, is hydrogen, a halogen, a lower aikyl of from 1 to about 6 carbon atoms or a lower alkoxy of 
from t to about 6 ea/bon atoms, R 2 is hydrogen, halogen, lower aikyl o* from ^ lo about 6 carbon atoms, or 
arylsulfonyt, wherein the aryi group contains from 6 to about 10 carbon atoms; n is an integer from 1 to 
about 4; m is 2 or 3; and R 3 is a divalent or trivalent hydrocarbon radical or lower aikyl ether radical of from 
2 to about 22 carbon atoms. 

2. The process of claim i, wherin R? is hydrogen or a lower branched aikyl group of from 3 to about 6 

carbon atoms. 

3. The process of claim 1. wherein a solution of the UV-absorbing compound is applied to the surface 
of the thermoplastic, wherein the solvent is aggressive enough toward the thermoplastic so that it effects 
impregnation of the UV-absorbing compound into the surface of Ihe thermoplastic yet is not so aggressive 
as to substantially deleterlously affect the thermoplastic. 

4. The process of claim 1. wherein said thermoplastic is a polycarbonate or a polyestercarbonate. 

5. The process of ctaim i, wherein R 3 is -CHzCH^OCHsOMy, wherein y is an integer from about 3 to 
about 5. 

6. The process of claim 1 wherein fla is -(CHa)*-. 

7. The process of claim i, wherein the UV-absorbing compound is a mixture of a compound wherein ft 3 
is -CH2CH2^0CH2CH2> y and a compound wherein Ra is -<CH 2 )t-. wherein y (s an integer from about 3 to 
about 5. 

s. The process of claim 1. wherein is tert-butyl, 

9. The process of claim 1. wherein said elevated temperature is between 120 and 150 C. 

10. The process of claim i, wherein said solvent system is selected from the class consisting ol 
glycols, glycol ethers, alcohols, hydroxy ethers, haJogenated hydrocarbons, esters or ketones. 

11. The process of claim 9, wherein said solvent system is a mixture of the methyl ether of propylene 
glycol and 2-butoxyethanol. 

12. The process of claim 1 t wherein said solution of UV absorbing compound contains an amount of 
said UV-absorbing compound sufficient to diffuse into the surface layers of said thermoplastic article in 
concentrations effective to protect said thermoplastic article against degradation by ultraviotei radiation. 

13. The process of claim 11. wherein said solution contains from about 4% to about 10% by weight of 
said UV-absorbing compound. 

14. The process of claim t wherein said thermoplastic article and said solution are heated to an 
elevated temperature after said solution Is contacted with said article. 

15. The process of claim 1 , wherein said thermoplastic article is heated to an elevated temperature prior 
to said solution contacting said article, 

16. The process of claim i, wherein said solution is heated lo an elevated temperature prior to said 
solution contacting said article. 

17. A thermoplastic article made according to the process ot clajm 1 . 
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